Delayed puberty is difficult to define because the age at which normal puberty begins is variable, being determined probably by genetic factors. This paper concerns only boys whose testes are responsive to human chorionic gonadotrophin and who tend to be short in stature and normally proportioned, as opposed to those with primary testicular failure or hypogonadotrophic eunuchoidism who are often tall with disproportionately long limbs.
:tiology The various causes of delayed puberty have been classified by Dr Bishop (above). Of the hypothalamic and pituitary causes, tumours such as craniopharyngioma usually lead first to intracranial symptoms so that the patient is initially referred to a neurologist. Boys in whom delayed puberty is the presenting symptom rarely have any such lesion. None of the 40 boys to be discussed had any symptoms to suggest it and X-rays of the sella turcica were normal in each of 18 patients. Thyroid deficiency is usually diagnosed and treated in childhood and therefore seldom presents itself in the form of delayed puberty. Of the systemic causes, which presumably interfere with pituitary function or with the response of the tissues to hormone action, the most important is malabsorption. In this condition anemia or osteomalacia is usually obvious but it is said that stunted growth and delayed puberty may result from otherwise latent malabsorption. In 3 patients there was a history suggesting transient steatorrhcea in childhood, but no obvious excess of fat was found in the stools of 6 boys and the serum calcium and phosphate were normal in 15. Two boys had iron-deficient anrmia. Opportunities for fat balances, absorption of vitamin A orxylose and isotopic techniques were not available at the time. Other systemic causes are usually obvious and delayed puberty is unlikely to be the presenting symptom. Table 1 contrasts delayed puberty with true pituitary infantilism but there are a number of intermediate cases in which it is difficult to determine whether the boy will eventually mature of his own accord. The distinction can often be made only after observing the response to treatment. Estimation of the urinary gonadotrophins is not of great value unless performed serially since these are not detectable in normal boys until shortly before the onset of puberty (usually at the age of 12 to 13 years). Serial measurements of the testes may be equally valuable.
Diagnosis
The present series consists of 40 males aged 14 to 20 (mean 16k) years.
The bone age was retarded in 17 of 28 (61 Y.) patients, by 1 to 11 (mean 4) years and by more than 4 years in 4 of 28 boys. The genitalia were infantile in 9 boys (mean bone age 12 years); prepubertal, i.e. showing some enlargement of the penis, in 15 boys (mean bone age 14 years). Puberty was already beginning in 14 boys, as shown by further enlargement of the penis, darkening of the scrotal skin and the presence of a few pubic hairs, the mean bone age in this group being 15 years. Only one boy showed evidence of panhypopituitarism, with severe dwarfism, sexual infantilism, low serum PBI and low steroid excretion. In three others the sexual and skeletal retardation were severe enough to suggest selective pituitary failure. Most of the boys were below the third percentile in height' in terms ofchronological age but about half were above the tenth percentile according to bone age, suggesting that the stunting of growth was to some extent an expression of the delay in epiphyseal development. Even the patient with panhypopituitarism was taller than the fiftieth percentile when considered in terms of bone age. Extreme dwarfism does not necessarily indicate pituitary failure and in those who were dwarfed out of proportion to their epiphyseal retardation the stunting of growth was presumably genetic. For instance, one boy had a hare lip and cleft palate, another had a congenital anomaly of the cervical spine and in two cases the father was abnormally short. In 5 of 24 cases (21°) the "Percentiles derived from chart prepared -by J M Tanner & R M Whitehouse, Institute of Child Health, WC1. Parents' heights were compared with thosegiven for age 18, at which growth can be assumed virtually to have ceased 23 575 father's height was below the third percentile and in 18 of 24 cases (75 %) it was below the fiftieth percentile. The corresponding figures for the mothers were 1 of 24 cases (4%) and 14 of 24 (58-%) respectively.
Treatment and Results
Twenty-three boys were given human chorionic gonadotrophin (HCG) in doses varying from 500 units twice weekly to 1,500 units thrice weekly. The optimal dose was 1,500 units twice weekly. Treatment was continued for at least six months. Five of these boys subsequently had one or -more implantations of 400-60mg testosterone. Twelve boys were treated with testosterone from the outset, 10 of them by implantation of 400-60 mg, repeated if necessary every six months and 2 in the form of methyl testosterone 'linguets' 5 to 20 mg daily. Two patients initially treated with testosterone subsequently responded better to HCG.
With either form of treatment enlargement of the penis and growth of pubic hair began within one to six (average two to three) months. Axillary hair appeared after two months to three years (average one year) and facial hair after two to eighteen months (average seven months). The voice began to deepen after one to twelve (average five) months. A full feminine distribution of pubic hair was achieved after six months to three years but a: masculine distribution was not established for over three years and in one or two cases was not present even ten years later. Full growth of axillary and facial hair and maximal deepening of the voice were delayed to a similar extent.
A striking increase in the rate of growth and gain in weight occurred, corresponding with that seen during normal puberty. Before treatment the mean rates were considerably less than those of normal boys at ages corresponding with the bone ages of the patients. During the first year of treatment the expected rates were greatly exceeded but growth and gain in weight rapidly diminished during the next-two years--and practically subsided during the fourth year. The spurt in growth was associated with an acceleration of epiphyseal development, the bone age usually catching up with the chronological age within the first year of -treatment but never overtaking it. At the same time the mean concentration of alkaline phosphatase in the serum showed an approximately twofold increase. Of l1 boys who had reached their ultimate stature and whose epiphyses had closed, 7 were above the third percentile in height for boys aged 18 years. Four remained dwarfed, presumably for genetic reasons. Ten others had already exceeded the third percentile for boys of 18 years and were still growing.
Indicationsfor Treatment
Since puberty eventually develops of its own accord, except in cases oftruepituitary infantilism, there is no absolute indication for treatment. Intervention is usually dictated by psychological considerations. From the biological point of view postponement of puberty to an age of 16 years or more is not necessarily abnormal but from the clinical standpoint a boy who is smaller and less well developed than the average may suffer social and psychological handicaps. Boys with delayed puberty are often shy, retiring and lacking in -initiative and 'drive'. They tend to be emotionally immature and are subject to feelings of inferiority which result from awareness that their contemporaries are ahead of them. Often the disturbance is more subtle and it is noticed that the boy is not progressing well at school, the true reason being at first obscure. Under treatment the personality is rapidly transformed. The boy's appetite, energy and initiative increase, he develops greater selfconfidence, 'drive' and aggression. His mother often says that he has changed out of all recognition and his record at school improves. Occasionally the boy overcompensates and is at first reluctant to undergo treatment but his attitude changes once treatment is begun. Sometimes the parent prefers to 'leave it to Nature' and, provided that the boy is well adapted, there is no justification for urging treatment. There are in fact no hard and fast rules and each case must be judged on its own merits.
Choice ofTreatment Theoretically, one should begin with HCG in order to stimulate the interstitial cells of the testis to secrete testosterone, discontinuing treatment after six months, so that it may be seen whether or not development will continue spontaneously.
In practice equally good results are obtained with testosterone and repeated injections can thus be avoided.
Prognosis
In all cases except those with gross pituitary deficiency adequate endocrine function continues in the testes after treatment is discontinued, although the secondary sex characters' are not always fully developed. Four out of 7 patients eventually showed sperm counts compatible with fertility (i.e. over 20 million per c.mm), whereas the other 3 had severe oligospermia. Two others, on whom sperm counts have not been performed, have become fathers. Whether the oligospermia in 3 patients was due to gonadotrophic or testicular failure from the outset or whether it resulted from damage to the germinal epithelium during treatment cannot be stated on the evidence available. If it was due to gonadotrophic failure, this indicates an urgent need for an effective therapeutic preparation of folliclestimulating hormone.
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Chromosome Studies in Klinefelter's Syndrome
Klinefelter's syndrome is a form of primary testicular failure due to a variety of causes acting at different periods of development. The invariable features of this clinical syndrome are now recognized to be small testes with otherwise normal genitalia, aspermatogenesis, and increased urinary excretion ofgonadotrophins, thus modifying the original description (Klinefelter et al. 1942) on the basis of the pathological findings in the testes, to include patients without gynacomastia and with androgen deficiency. It has been found that patients who fulfil these diagnostic criteria may conveniently be classified by their testicular histopathology and nuclear sex into three groups (Ferguson-Smith et al. 1960 ):
(1) Chromatin-negative individuals with postpubertal testicular atrophy: The microscopic appearances of the testes in this group suggest extensive secondary atrophy of what was at one stage a perfectly normal gonad. However, no relevant history of orchitis or injury is obtained. The majority of seminiferous tubules are shrunken, hyalinized, and without epithelium. They contain large amounts of elastic fibres, indicating that the atrophy has occurred after puberty. Leydig cells are seen in large clumps, and there is peritubular fibrosis. Similar testicular changes may follow, for example, mumps orchitis, with identical clinical and endocrinological consequences. In the large number of cases who have no such history the cause is unknown. Chromosome studies were non-contributory in at least 2 patients (Ferguson-Smith, unpublished). Evidence of a genetic cause is based solely on one family in which 9 out of 10 male members in two generations were affected (Reifenstein 1947): transmission occurred through the mother, suggesting a sex-linked recessive mode of inheritance.
(2) Chromatin-negative individuals with absence of germ cells: The testicular lesion in these patients is confined to absence of germinal cells, and the tubules are lined almost entirely by Sertoli cells.
There is no peritubular fibrosis and rarely any tubular hyalinization. Leydig cells are diffusely increased. The etiology of this variety is obscure, although it is possible that the lack of germ cells indicates a defect of embryogenesis. The chromosomes were recently studied in l1 cases without detecting an abnormality (Ferguson-Smith, unpublished). The mean maternal age at birth in this sample is approximately 33 years, which-is as high as in a group of chromatin-positive cases (Ferguson-Smith 1960) where this finding has .been considered an important factor predisposing to chromosomal non-disjunction.
(3) Chromatin-positive individuals with prepubertal testicular atrophy: Males with chromatin-positive nuclear sex are invariably found to have Klinefelter's syndrome. The nuclear sex anomaly reflects a basic genetic abnormality in sex chromosome constitution, probably produced by nondisjunction during parental gametogenesis or during the early cleavage. divisions. All cases have at least two X chromosomes and one Y chromosome (Jacobs & Strong 1959), instead of the normal XY complement. The commonest ab-normal complement is XXY, but XXXY, XXYY, XXXXY, and mosaics of XX/XXY, XY/XXY, XY/XXXY, XXXY/XXXXY have all been described. These sex chromosome complexes indicate the strong male-determining nature of the Y chromosome, for the male phenotype always differentiates despite the presence of up to four X chromosomes. It is likely, however, that in each case only one X chromosome is fully active after the first few days of foetal life, the remainder becoming genetically inert and appearing in the nucleus as condensed masses of sex chromatin. This means that one may confidently calculate the number of X chromosomes in any individual by adding one to the maximum number of sex chromatin bodies/nucleus. The abnormal sex chromosome complex causes differentiation of an abnormal testis, leading to testicular failure in adulthood. Before puberty (and also at birth), the testes show a marked deficiency or absence of germinal cells. Even before clinical signs of puberty are apparent, increased gonadotrophin levels initiate hyalinization of the seminiferous tubules, which, when examined in the adult testis, are completely devoid of elastic fibres (Ferguson-Smith 1959) . Increased numbers of Leydig cells are already present at the time secondary sex characteristics appear.
Chromatin-positive patients differ clinically from chromatin-negative patients in only one im-
